To determine whether increased vasopressinergic activity during chronic stress or adrenalectomy mediates trophic changes in the corticotroph, we examined the effect of peripheral V1 receptor blockade in rats, using the antagonist, A LARGE BODY of evidence indicates that vasopressin (VP) has a role in regulating pituitary corticotroph function (1-3). Unlike VP secreted into the peripheral circulation from magnocellular neurons, VP responsible for corticotroph regulation is secreted into the pituitary portal circulation from parvocellular axon terminals in the external zone of the median eminence (2). In humans and rodents, VP alone is a weak stimulant of ACTH secretion, but it markedly potentiates the stimulatory effect of CRH (2-4). The expression of VP in parvocellular neurons increases during physiological states or experimental conditions involving activation of the hypothalamic-pituitary-adrenal (HPA) axis, such as stress or adrenalectomy (3, 5). Studies in the rat have shown that about 50% of CRH-containing neurons in the parvocellular hypothalamic paraventricular nucleus (PVN) coexpress VP, and this proportion increases substantially during stress, especially chronic and prolonged adrenalectomy (5, 6).
A LARGE BODY of evidence indicates that vasopressin (VP) has a role in regulating pituitary corticotroph function (1) (2) (3) . Unlike VP secreted into the peripheral circulation from magnocellular neurons, VP responsible for corticotroph regulation is secreted into the pituitary portal circulation from parvocellular axon terminals in the external zone of the median eminence (2) . In humans and rodents, VP alone is a weak stimulant of ACTH secretion, but it markedly potentiates the stimulatory effect of CRH (2) (3) (4) . The expression of VP in parvocellular neurons increases during physiological states or experimental conditions involving activation of the hypothalamic-pituitary-adrenal (HPA) axis, such as stress or adrenalectomy (3, 5) . Studies in the rat have shown that about 50% of CRH-containing neurons in the parvocellular hypothalamic paraventricular nucleus (PVN) coexpress VP, and this proportion increases substantially during stress, especially chronic and prolonged adrenalectomy (5, 6) .
The actions of VP are mediated by plasma membrane receptors belonging to the guanyl nucleotide binding protein (G protein) family (7, 8) . The receptor present in pituitary corticotrophs is the V1b receptor subtype, which is coupled to Gq/11 and phospholipase C, leading to activation of protein kinase C and increases in cytosolic calcium (9 -12) . It has been shown that there is a good general correlation between V1b receptor content in the pituitary and ACTH responses by the pituitary corticotroph (3, 13) . The up-regulation of pituitary V1b receptors, in conjunction with the increase in VP expression in parvocellular neurons during activation of the HPA axis, has suggested that regulation of the V1b receptor plays an important role in the sensitivity of ACTH responses, maintaining corticotroph responsiveness even in the presence of elevated glucocorticoid levels (3) . Unlike the parvocellular vasopressinergic system, the expression of hypothalamic CRH and pituitary type 1 CRH receptors can be unchanged or reduced in conditions of high HPA axis activity (3).
The above observations have led to the hypothesis that in conditions such as chronic stress or adrenalectomy there is a switch from CRH to vasopressinergic regulation of ACTH secretion (3, 14) . Although studies using Brattleboro rats or V1b receptor knockout mice appear to indicate an unaltered ACTH regulation in the absence of VP (15) (16) (17) , it is generally accepted that VP plays a role mediating full ACTH responses to acute stress (18 -20) . On the other hand, the role of the marked increases in parvocellular VP and pituitary V1b receptor expression during chronic stress and adrenalectomy is less understood. Recent studies using minipump infusion of a V1 VP antagonist have shown that VP is required for full ACTH responses to acute stress (ip saline injection), but it does not mediate the hypersensitivity to a novel stress in rats subjected to repeated restraint (Chen, Y., and G. Aguilera, unpublished) . This suggests that the marked increase in parvocellular vasopressinergic activity during chronic HPA activation mediates pituitary effects other than purely stimulating ACTH secretion. The aim of this study is to test the hypothesis that the increases in VP expression and pituitary V1b receptors during chronic stimulation of the HPA axis regulate corticotroph proliferation and/or differentiation rather than stimulation of ACTH secretion. Because adre-nalectomy is associated with marked increases in parvocellular VP expression and increases in the number of corticotrophs (5, (21) (22) (23) (24) , we used this model to examine the effect of VP V1 receptor blockade on proliferative responses in the pituitary.
Materials and Methods

Animals and in vivo procedures
Adult male Sprague Dawley rats (200 -250 g) (Harlan, Indianapolis, IN) were housed four per cage for at least 1 wk before experiments with a 14-h light, 10-h dark cycle. V1b receptor knockout mice were provided by Drs. W. S. Young III and S. J. Lolait, National Institute of Mental Health, National Institutes of Health (16) . Male V1b receptor knockout mice and their wild-type littermates were derived from heterozygous breeding. All animal procedures were performed according to National Institutes of Health guidelines, and experimental protocols were approved by the National Institute of Child Health and Human Development Animal Care and Use Committee.
To induce corticotroph mitogenesis (23) (24) (25) , bilateral adrenalectomy was carried out via a dorsal approach under ketamine/xylazine anesthesia (26) . Sham-operated rats/mice were subjected to the same surgical procedure without removing the adrenals. Adrenalectomized rats/ mice had access to normal saline as drinking fluid in addition to tap water. Because of problems with survival of mice after adrenalectomy, all adrenalectomized mice were administered a single ip injection of 0.025 g of the mineralocorticoid flurocortisone on the day of surgery and subsequently the same daily amount in the drinking water for the duration of the experiment. This treatment, performed to avoid sodium loss after adrenalectomy-induced mineralocorticoid withdrawal, prevented mortality in subsequent experiments. The number of cells undergoing mitosis was examined by immunohistochemistry after injection of 100 mg/kg of bromodeoxyuridine (BrdU) as described below. To determine the optimal time after adrenalectomy, groups of rats were adrenalectomized and killed 3-28 d later after receiving daily injections of BrdU for 3 d. Because the highest number of BrdU-stained cells was found at 28 d, this time point was used to evaluate the effect of VP antagonism. In a second preliminary experiment, 28-d sham-operated or adrenalectomized rats were killed either 2 h after a single BrdU injection (100 mg/kg body weight) or after daily injections for 4 or 7 d. Because injection for 7 d yielded the highest number of BrdU-stained cells, this number of injections was used in subsequent experiments with rats.
To study the role of VP on adrenalectomy-induced pituitary mitogenesis, we administered the peptide VP V1 receptor antagonist, dGly[Phaa1,d-tyr(et), Lys, Arg]VP (Bachem, Torrance, CA), which displays about equal binding affinities to V1a and V1b receptors. The antagonist was delivered sc using Alzet osmotic minipumps (model 2004; Durect Corp., Cupertino, CA), with a delivery rate of 230 ng/h, for 28 d. In preliminary experiments, we tested the effectiveness of the antagonist blocking pituitary VP receptors by examining the ability of the minipump infusion to prevent the increases in plasma ACTH and corticosterone levels in response to a single iv injection of VP in intact rats. Control rats received sc implants of empty silastic tubing of dimensions similar to the minipump. One day before VP testing, a jugular catheter (Braintree Scientific Inc., Braintree, MA) was implanted under ketamine/xylazine anesthesia. The catheter was exteriorized in the neck of the animal, filled with heparinized saline (50 IU/ml), protected by a metal spring, and connected to a swivel fixed to the top of the cage using a counterbalanced beam. After collecting a basal blood sample at 0800 h, rats received an injection of 100 ng arginine VP through the jugular vein catheter in 100 l saline. Additional blood samples (0.3 ml) were collected at 30 and 60 min after the VP injection from VP V1 antagonistinfused as well as control animals. Blood samples, 300 l, were collected in ice-cold 1.5-ml microfuge tubes containing 300 g EDTA and 30 kIU aprotinin. After centrifugation at 1500 ϫ g for 20 min, plasma fractions were stored at Ϫ80 F until assayed for ACTH and corticosterone. ACTH and corticosterone were measured by RIA, using kit reagents from Diagnostic Products Co. (Los Angeles, CA) for steroid hormones and DiaSorin (Stillwater, MN) for ACTH, respectively.
To study the effect of VP on pituitary mitogenesis, rats were divided into four experimental groups: sham-operated controls (n ϭ 4), sham plus VP V1 antagonist (n ϭ 4), 28- To study the effect of adrenalectomy on pituitary cell proliferation in V1b receptor knockout mice, matched males from the same litters, wildtype or V1b receptor knockout mice, were divided into two groups each: sham (n ϭ 6) and adrenalectomy (n ϭ 6). Six or 14 d after adrenalectomy, mice were killed by decapitation and the pituitaries quickly removed, immersion fixed, and processed as described above for immunohistochemical detections. All mice received BrdU injections (30 mg/kg, ip) for the last 6 d before being killed.
Double-staining immunohistochemistry
BrdU was detected using kit regents (Roche Applied Sciences, Indianapolis, IN) as follows. The sections were blocked against nonspecific reactions (PBS, 5% BSA, and 30% normal goat serum for 1 h), incubated with a monoclonal anti-BrdU antibody (1:10) for 1 h at room temperature, washed three times with PBS containing 0.1% Triton X-100, and then incubated with antimouse IgG conjugated with alkaline phosphatase. Immunoreactive cells were visualized by addition of alkaline phosphatase substrate containing levamisole to block endogenous alkaline phosphatase (Dako, Carpinteria, CA). For double labeling, before the second immunostaining, sections were treated with 0.2 m glycine-HCl buffer (pH 2. 
Statistical analysis
Data were expressed as the mean Ϯ sem. Differences between groups were evaluated by Student's t test or one-or two-way ANOVA followed by Student-Newman-Keuls post hoc test. P Ͻ 0.05 was considered significant.
Results
Effect of VP V1 receptor antagonism on VP-induced release of ACTH and corticosterone
To determine the effectiveness of the minipump infusion of the VP V1 receptor antagonist to block VP receptors in the pituitary, we measured plasma ACTH and corticosterone responses to a single injection of VP (100 ng, iv) in controls and V1 antagonist-infused rats. In control rats (without V1 antagonist infusion), plasma ACTH (Fig. 1A ) and corticosterone (Fig. 1B ) levels increased significantly 30 and 60 min after VP injection compared with basal values (P Ͻ 0.001). In contrast, VP injection failed to increase plasma ACTH or corticosterone in rats receiving chronic V1 antagonist infu-sion ( Fig. 1) , indicating that the mode of administration effectively blocked pituitary VP receptors.
Effect of adrenalectomy on pituitary cell proliferation and ACTH-stained cells
The time course of the effect of adrenalectomy on the number of corticotrophs in the anterior pituitary is shown in Fig. 2A . Adrenalectomy caused a small but significant increase in the number of ACTH-stained cells by 3, 6, and 14 d (1.8-fold, P Ͻ 0.05; 1.6-fold, P Ͻ 0.05; and 2.3-fold, P Ͻ 0.001) and a much larger increase of 4.5-fold by 28 d (P Ͻ 0.001) vs. sham. The time course of the effect of adrenalectomy on BrdU incorporation is shown in Fig. 2B . Because in sham-operated rats there was no significant difference in BrdU incorporation at the different time points, fold differences in adrenalectomized rats were compared with the pooled sham-operated values. Adrenalectomy significantly increased BrdU-labeled cells compared with sham-operated controls at 3, 6, and 28 d but not at 14 d. Although increases of 2.0-and 1.8-fold (P Ͻ 0.05) over sham-operated controls were observed at 3 and 6 d, a much larger increase of 3.5-fold (P Ͻ 0.001) was found at 28 d. Therefore, all consecutive experiments were performed in 28-d adrenalectomized rats. The effect of the number of BrdU injections in 28-d adrenalectomized rats is shown in Fig. 2C . Increasing the number of BrdU injections resulted in a slightly higher number of BrdU-stained cells in shamoperated rats. Irrespective of the number of injections, there was a significant (P Ͻ 0.001) increase in the number of BrdUstained nuclei in pituitaries from adrenalectomized rats compared with sham-operated controls, but values were significantly higher in pituitaries from rats receiving injections for 7 d (d 21-27) compared with a single injection or 4 d injections (Fig. 2C) .
Effect of V1 antagonism on adrenalectomy-induced increases in BrdU incorporation and ACTH-stained cells in the anterior pituitary
To determine the role of VP in mediating adrenalectomyinduced pituitary cell proliferation, groups of sham-operated and adrenalectomized rats underwent minipump infusion of the V1 antagonist, dGly[Phaa1,d-tyr(et), Lys, Arg]VP, for 28 d starting at the time of surgery. Consistent with the data in Fig. 2 , without V1 receptor antagonism, the number of BrdU-labeled nuclei increased from 30.14 Ϯ 12.61/mm 2 in sham-operated controls to 104.67 Ϯ 23.74/mm 2 in 28-d adrenalectomized rats (P Ͻ 0.001). Infusion of the V1 receptor antagonist for 28 d had no significant effect on BrdU incorporation in sham-operated rats (30.14 Ϯ 12.61/mm 2 and 42.76 Ϯ 11.51/mm 2 in controls and V1 antagonist infusion, respectively), but it prevented the increase in BrdU incorporation after adrenalectomy (P Ͻ 0.05, lower than adrenalectomy control) (Fig. 3) . The number of ACTH-immunopositive cells also increased from 39.19 Ϯ 8.28 to 213.07 Ϯ 13.90/mm 2 (P Ͻ 0.002, sham vs. adrenalectomy) after 4 wk adrenalectomy, but in contrast to BrdU incorporation, the number of ACTH-labeled cells was not affected by VP V1 antagonist (Fig. 3) .
BrdU incorporation and pituitary cell types
To determine the phenotype of proliferating cells, we performed double immunocytochemistry with BrdU and antibodies against pituitary hormones (Fig. 4) . Analysis of double staining for BrdU and ACTH in pituitary sections of sham-operated and adrenalectomized rats revealed minor . The tendency to increase was not evident in the adrenalectomy group treated with V1 antagonist, but the differences between groups were not statistically significant because of the large individual variation shown by the se (Fig. 5B) . Similar minor or lack of colocalization was observed with GH, TSH, prolactin, or FSH and LH (gonadotrophs) (Fig. 4A) .
To determine whether BrdU-labeled nuclei corresponded to folliculostellate cells or stem cells, sections were double stained for BrdU and the glial cell marker S100 or the stem cell marker nestin (Fig. 4, B and C) . Again, microscopic analysis of the sections showed an insignificant proportion of double-labeled cells.
The lack of colocalization of BrdU-stained nuclei with markers for specific pituitary cell types raised the question of whether the cells undergoing mitosis during late adrenalectomy correspond to still undifferentiated corticotroph precursors. To examine this possibility, we carried out immunostaining for Tpit, a transcription factor expressed exclusively in proopiomelanocortin (POMC)-expressing cells and involved in the differentiation of the corticotroph lineage (27) . As expected, Tpit-labeled nuclei were observed in the anterior pituitary and intermediate lobe, and Tpit-expressing nuclei largely corresponded to ACTH-expressing cells (Fig.  6) . In sham-operated rats, there was more than 80% colocalization of ACTH with Tpit nuclei, whereas the percent colocalization decreased to 60% in adrenalectomized rats. Only a minor proportion of Tpit-expressing nuclei, 20 of 2334 cells counted, showed colocalization with BrdU, and the majority of BrdU-stained nuclei did not show Tpit staining. In contrast to the decrease in Tpit-ACTH colocalization, the number of cells expressing both Tpit and BrdU staining increased by about 2-fold in pituitaries from adrenalectomized rats 
Effect of adrenalectomy on pituitary cell proliferation in V1b receptor knockout mice
To further study the role of VP on cell proliferation, we examined the effect of adrenalectomy on BrdU incorporation and number of ACTH-stained cells in V1b receptor-deficient mice. In wild-type mice, there was a significant (P Ͻ 0.05) increase in incorporation of BrdU after adrenalectomy for 6 (Fig. 7, A and B) . In contrast, the number of BrdU-positive cells was almost identical in sham-operated and adrenalectomized V1b receptordeficient mice at 6 or 14 d. In wild-type mice, the number of ACTH-immunopositive cells also increased significantly after 6 d (P Ͻ 0.001) and 14 d (P Ͻ 0.05) adrenalectomy compared with sham-operated controls. However, similar to BrdU incorporation, in V1b receptor knockout mice, adrenalectomy did not increase the number of ACTH cells either at 6 or 14 d.
Discussion
The lack of conclusive evidence for a role of the marked increased parvocellular vasopressinergic activity (15, 28, 29) controlling ACTH secretion during chronic stimulation of the HPA axis prompted us to examine the effect of VP on pituitary mitogenesis. The present study demonstrates that VP is essential for the pituitary mitogenic responses during prolonged adrenalectomy, suggesting new functions of VP on HPA axis regulation. It is well known that adrenalectomy results in marked and progressive increases of VP expression in parvocellular neurons of the PVN (30 -32) as well as hypertrophy and hyperplasia of the corticotrophs (21, 22, 24, 31, (33) (34) (35) . However, the exact mechanisms regulating proliferative responses of pituitary corticotrophs during chronic stress and adrenalectomy are not fully understood. The increase in the number of corticotrophs after adrenalectomy is associated with increases in [ 3 H]thymidine or BrdU incorporation in the anterior pituitary, indicative of mitogenic activity (36 -38) . Consistent with previous reports, the present study shows early increases in the number of BrdUpositive cells (3 and 6 d) followed by a decline at 14 d (38, 39) . It is likely that the decline is due to apoptotic cell death, because it has been shown that cells undergoing recent mi- sham. The differences between adrenalectomized and sham-operated rats for BrdU/Tpit colocalization were significant only when compared using the Student's t test: a, *, P Ͻ 0.05.
tosis are more susceptible to apoptosis (40) . However, in contrast to the slight and not significant recovery in mitogenic activity observed at 4 wk in the latter study (40) , in the present experimental conditions, the number of both BrdUand ACTH-stained cells increased again by 4 wk. The reason for this discrepancy could relate to the strain of rats (Wistar vs. Sprague Dawley) or the procedure to evaluate mitogenesis (BrdU incorporation vs. computerized counting of mitotic figures). The second proliferative phase detected 4 wk after adrenalectomy in this study suggests that a mitogenic stimulus can override apoptotic cell death.
Because VP expression in parvocellular neurons increases markedly during long-term adrenalectomy, and VP can act as a mitogen, we sought to examine the role of VP on pituitary cell proliferation. It has been shown that VP stimulates mitogenesis in a number of systems, including mouse Swiss 3T3 cells (41) , rat bone marrow cells after hemorrhage (42) , rat liver cells (43) , mesangial cells (44), human osteoblast-like cells (45) , and the murine corticotroph tumor cell line AtT20 (46) . VP also has been shown to increase the number of cells incorporating BrdU in primary cultures of rat anterior pituitary cells (47) . The ability of the V1 antagonist to prevent the increase in the number of cells incorporating BrdU during long-term adrenalectomy, shown in the present study, supports the hypothesis that VP mediates the mitogenic activity in the pituitary after glucocorticoid withdrawal. The lack of mitogenic responses to adrenalectomy in V1b receptor knockout mice is also in agreement with this hypothesis. Although the main VP receptor subtype found in the pituitary is the V1b receptor, the antagonist used in these experiments has similar binding affinity for V1a and V1b receptors (48). Thus, it is possible that blockade of V1a receptors located in pituitary cells other than corticotrophs or in the periphery could contribute to the effects of the antagonist. In contrast with the present data supporting a critical role for VP on pituitary mitogenesis, previous studies have shown that PVN lesions are unable to prevent the increase in pituitary cell proliferation induced by adrenalectomy (49) . The latter findings suggest that pituitary mitogenesis is more likely to result from direct pituitary effects of glucocorticoid withdrawal rather than to the increases in CRH and/or VP. However, because the supraoptic nuclei remained intact in these rats, it is not possible to rule out that VP released to the pituitary portal circulation from these nuclei was sufficient to promote mitogenesis. In this regard, there is anatomical (50) and functional (51, 52) evidence that VP can access the pituitary portal circulation from magnocellular nerve fibers in the internal zone of the median eminence. It is also possible that the lack of effect of PVN lesions observed by Nolan et al. (49) reflect the shorter time of glucocorticoid withdrawal, 7 vs. 28 d in the present study. Thus, it is conceivable that VP becomes critical as a pituitary mitogenic agent during longerterm adrenalectomy.
It should be noted that the effects of the V1 antagonist on the number of BrdU-labeled cells did not parallel changes in the number of ACTH-labeled cells. The preliminary experiments showed that using the same dose and mode of administration, the V1 receptor antagonist prevented the rise in plasma ACTH and corticosterone elicited by VP (Fig. 7, A and B), indicating that V1b receptors in the corticotroph were effectively blocked. This suggests that in the rat, VP is required for pituitary cell proliferation but not for corticotroph differentiation, at least for the duration of the experiment, 28 d. On the other hand, the inability of V1b receptor knockout mice to increase the number of ACTH-stained cells after adrenalectomy suggests that lifetime deficient pituitary vasopressinergic activity has a more profound impact on the corticotroph population. Alternatively or in addition, it is possible that regulation of corticotroph differentiation varies between rat and mouse. It was recently reported that plasma ACTH responses to repeated restraint for 14 d, but not to acute stress or basal levels, are reduced in V1b receptor knockout mice compared with wild-type controls. This is consistent with the present data and raises the possibility that the lack of VP action in the pituitary also impairs stress-induced corticotroph proliferation (53) . Although the mechanism for the difference between the effects of the V1 antagonist and genetic V1b receptor deficiency remains to be elucidated, the data strongly suggest that VP influences pituitary mitogenesis as well as the number of corticotrophs. Previous reports showing a reduced number of corticotrophs in the VP-deficient Brattleboro rat compared with control Long Evans rats (54, 55) also support this view.
Because adrenalectomy increases the number of corticotrophs, it was quite unexpected to find only minor colocalization of BrdU and irACTH. This raises questions about the origin of the newly formed corticotrophs as well as the identity of the BrdU-labeled cells. Although corticotrophs derive from embryonic precursors displaying corticotroph-specific markers, some reports using primary pituitary cell cultures, showing colocalization of ACTH in pituitary cell types other than corticotrophs, have suggested that mature pituitary cells can cross-differentiate (56) . However, the lack of colocalization of BrdU-stained nuclei in lactotrophs, thyrotrophs, somatotrophs, or gonadotrophs shown in this study is against this possibility. The minor increase in corticotrophs undergoing mitosis in adrenalectomized rats prompted us to examine the presence of BrdU-stained nuclei in early corticotroph precursors or undifferentiated stem cells. It has been shown that the T-box transcription factor Tpit is exclusively found in POMC-expressing cells in the pituitary (27) . Adrenalectomy increased the number of Tpit-positive cells in the pituitary as well as the number of cells expressing both Tpit and ACTH (Fig. 6) ; however, the increase of Tpit was not statistically significant (sham vs. adrenalectomy). Again, the minor colocalization of BrdU-stained nuclei with Tpit or ACTH cells renders it unlikely that the increase in corticotrophs originates from the division of existing corticotrophs or already differentiated corticotroph precursors but suggests that recruitment of corticotrophs during adrenalectomy occurs from undifferentiated cells. Previous studies have also shown lack of colocalization of BrdU in corticotrophs after adrenalectomy (34, 39, 57) . A recent study in 3-and 6-d adrenalectomized or gonadectomized rats also reports minor incidence of mitogenesis in corticotrophs or gonadotrophs (38) . In addition, the lack of additivity in mitogenic responses to adrenalectomy and gonadectomy in the latter study suggested to the authors that mitogenesis in response to both stimuli occurs in an undifferentiated progenitor population (38) .
The present study examined mitogenic activity of two populations of potential progenitor cells, folliculostellate and nestin-labeled stem cells. Folliculostellate cells are non-hormone-producing pituitary cells with glial cell characteristics, which influence the local hormone secretion by producing basic fibroblast growth factor (58), vascular endothelial growth factor (59), IL-6 (60), follostatin (61) , NO (62) , and lipocortin1 (63) . It has been postulated that folliculostellate and hormone-secreting cells are derived from the same progenitor cells, based on the common presence of the homeobox 1 gene in these cells (64) as well as in muscle cells derived from transplanted pituitary cells (65) . Others have suggested that folliculostellate cells are formed by retrodifferentiation and that they act as adult stem cells in the human pituitary (66) . The lack of BrdU incorporation in cells stained with the glial/folliculostellate cell marker, S100, in this study suggest that folliculostellate cells do not act as precursor for the newly formed corticotroph after adrenalectomy. Recently, Chen et al. (67) identified a population of cells in adult pituitaries, which express transcription factors mostly expressed during embryonic development, such as the 220-kDa filament protein nestin, and suggested that these cells represent adult pituitary stem/progenitor cells. An antibody against nestin, used as a marker for pituitary stem cells (68) , also failed to show significant colocalization with any pituitary hormone, indicating that nestin-expressing stem cells are unlikely to be corticotroph precursors. Studies in human pituitaries, obtained from autopsy (69) , have questioned the validity of nestin as an endocrine pituitary stem cell marker (at least in humans). Thus, it is possible that non-nestin-expressing stem cells are responsible for the mitogenic responses to long-term adrenalectomy. Taken as a whole, BrdU colocalized only with a small number of ACTHand Tpit-positive cells, but this accounts for a small proportion of the overall proliferative response to adrenalectomy. Considering that the colocalization studies were performed within 7 d of the first BrdU injection, the lack of major colocalization of BrdU in corticotrophs suggests that differentiation of cells undergoing mitogenesis to corticotrophs is a delay process, requiring a time period longer than 7 d. Additional studies in rats receiving BrdU injections early during long-term adrenalectomy will be required to test this hypothesis. An additional unanswered question is whether pituitary cell types other than corticotrophs express VP receptors. In situ hybridization studies have shown the expected colocalization of V1b receptor mRNA and POMC mRNA (10) . However, it is evident from the image shown in the latter study (10) that some clusters of V1b receptor mRNA grains do not overlay POMC-stained cells, suggesting V1b receptor expression in additional cell types. Whether these cells correspond to pituitary progenitor cells remains to be elucidated.
In conclusion, this study provides evidence indicating that VP can mediate proliferative responses to prolonged adrenalectomy in the rat. The mechanisms mediating corticotroph differentiation appear to be more complex and at least in the rat are likely to involve factors other than VP. The minor colocalization of BrdU-stained nuclei in ACTH-or Tpit-stained cells (or other pituitary cell type) renders it unlikely that the increase in corticotrophs originates from division of existing differentiated cells and suggests that recruitment of corticotrophs during adrenalectomy occurs from undifferentiated cells. The data suggest that a major role for the marked increases in parvocellular vasopressinergic activity during adrenalectomy (and probably chronic stress) is regulating cell proliferation and remodeling of the pituitary tissue.
